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Model SR250

Gated Integrator and Boxcar Averager Module

INTRODUCTION

The model SR250 Gated Integrator is a versatile,
high speed, low cost NIM module designed to
recover fast analog signals from noisy
backgrounds.

The SR250 consists of a gate generator, a fast
gated integrator, and exponential averaging
circuitry. The gate generator, triggered internally

or externally, provides an adjustable delay from a
few nanoseconds to 100 milliseconds, before it
generates a continuously adjustable gate of 2
nanoseconds to 15 microseconds. The delay may
be set by a front panel potentiometer, or
automatically scanned by a rear panel input voltage
in order to record entire waveforms.

The fast gated integrator integrates the input
signal during the gate. The output from the
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TRIGGER
The unit may be triggered internally or externally, The internal rate
generator is continuously variable from 0.5Hz to 20KHz in 9 ranges. The
external trigger pulse may be as short as 5nS. A green LED blinks with
each trigger.

DELAY

The delay of the sample gate from the trigger is set by these controls. The
delay scale is multiplied by the setting on the 10-turn dial, allowing
continuously adjustable delays from a few nanoseconds to 100mS. The
delay multiplier may also be controlled by a rear panel input voltage for
scanning gate applications.

WIDTH
The width of the sampling gate may be continuously adjusted from 2nS to
15uS over 8 width ranges.

SIGNAL

The sensitivity of the instrument (volts out/volts in) may be set from 1V/1V
to 1V/SmV. An input filter rejects unwanted signal before it is sampled by
the integrator. A 10-turn INPUT OFFSET control may be used to
compensate for an unwanted input offset.

An AVERAGE OUTPUT provides a moving average over 1 to 10K samples.
The reset button is used to reset the average to zero. The average may
also be reset by a rear panel logic input.

Both the TRIGGER and the SIGNAL inputs have a 1MQ input impedance
and may safely handie 100 volt inputs without damage.

The SIGNAL INPUT is passed out to the SIGNAL OUTPUT for termination
and for gate timing: The GATE output shows exactly which portion of the
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-input signal is being sampled. The BUSY output provides a TTL

synchronizing pulse when the unit is triggered. The LAST SAMPLE output
provides a voltage proportional to the latest input signal averaged over the
gate.

Figure 1 - SR250 Front Panel
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SPECIFICATIONS

Offset Control

4 ™
TRIGGER
Internal Trigger The rate generator is continuously adjustable from .5Hz to 20KHz in 9 ranges.
Line Trigger The gate generator may be triggered from the power mains with adjustable
phase.
External Trigger The gate generator may be triggered by the EXTERNAL TRIGGER INPUT.
1 MQ input impedance. Trigger threshold adjustable from 0.5 to 2V. The
input is protected to +/- 100 VDC. The trigger puise must be over threshold
for at least 5nS and have a rise time shorter than 1 uS.
Manual Trigger The unit will trigger once if the trigger threshold is scanned through 0 VDC.
L Trigger LED The Trigger LED blinks with each trigger. )
-
DELAY
Delay Scale Delay scales from 1 nS to 10 mS may be selected.
Delay Multiplier A 10-turn dial is used to select a delay multiplier from 0 to 10.
Accuracy 2 nS or 5% of the full scale delay, whichever is larger.
Jitter Less than 20 pS or 0.01% of the full scale delay, whichever is larger.
External Delay Control Rear panel input voltage from 0 to 10 VDC overrides the front panel delay
multiplier. This input is used by the SR200 Gate Scanner Module to scan the
sample gate in order to record entire waveforms.
Note: A ftrigger discriminator delay of about 25 nS must be added to the gate delay
when external triggers are used.
. W,
e A
WIDTH
Width Scale 1, 3, 10, 30, 100, 300nS, 1, 3uS.
Width Multiplier Continuously adjustable from x1 to x5.
Width Accuracy 2nS or 20% of full scale, whichever is greater.
Minimum Width 2nS, FWHM.
\. J
r ™
SIGNAL
Sensitivity The sensitivity, volts out/volts in, may be set from 1V/1Vto 1V/5mVina1,2,5
sequence. The sensitivity calibration is accurate to 3% for gate widths longer
than 10 nS. The sensitivity decreases to about 50% of nominal at a gate width of
2nS.
Filter An input filter allows coupling of DC, AC above 10 Hz, or AC above 10 KHz.

A 10-turn potentiometer adds an input offset of £0.4VDC. When using very
narrow gates, the offset may need adjustment if the gate width is changed.

Over Range LED A red LED indicates if the signal is greater than 2 VDC or if the LAST SAMPLE
output is greater than 10VDC.
\. y,
e )
LAST SAMPLE
Output A +10VDC full scale output with an output impedance of less than.1Q and a
10maA drive capability. The short circuit output current is limited to about 20mA.
The droop rate at this output is less than 0.2% of full scale per second.
Polarity The polarity of the LAST SAMPLE output may be inverted by a rear panel switch.
L Responsivity 95% (no more than 5% of the previous last sample remains.) J




Model SR250

Gated Integrator and Boxcar Averager Module

Remote Reset
Average Output

Average Polarity and
Baseline Subtraction

Toggle Output

-
AVERAGING
Samples An exponential moving average may be taken over 1, 3, 10, 30,... to 10,000
samples or LAST may be selected for no averaging.
Reset Front panel push button resets the moving average to zero.

Rear panel BNC input resets the moving average with TTL low or switch closure.
BNC output, +10 VDC full scale, with an output impedance of less than 1Q,

and a 10mA drive capability. Short circuit current limits at about 20mA. When
there are no triggers the droop rate is less than 1% per minute on 1 to 30
samples, and less than 0.01% per minute for 100 to 10K samples in the average.
This implies a droop error of less than 1% of full scale for trigger rates >1Hz.

A rear panel switch selects the polarity of the LAST SAMPLE before it is added to
the moving average. This may be used to invert the polarity of the AVERAGE
OUTPUT. The switch may also be set to the TOGGLE position, in order to subtract
every other sample from the moving average. By triggering the unit at twice the
experiment's repetition rate, so as to sample only the baseline on alternate
triggers, the baseline will be subtracted from the moving average.

A rear panel BNC provides a TTL signal that changes state with each trigger. This
output is used with the Active Baseline Subtraction feature to indicate if the next
sample will be added to, or subtracted from, the moving average. The toggle
output is capable of driving 50Q lines to +2 VDC.

\. _/
4 ™

SIGNAL INPUT AND OUTPUT

Signal Input 1MQ input impedance, +2 VDC usable range, protected to 100 VDC. The input
oftset drift is less than 0.5mV per hour after a 20 minute warm-up. Shot noise at
the input is less than 0.5mV. Coherent pickup is less than 5mV, which may be
cancelled with the input offset control in fixed gate applications.

Signal Output The SIGNAL OUTPUT is the input signal delayed by 3.5nS. This output is used to
terminate the input signal, and to precisely time the sample gate with respect to
the output signal.

. y,
e ™

GATE AND BUSY OUTPUTS

Gate Output A 200mV output pulse marks the exact position of the sample gate with respect
to the output signal. Position accuracy is +1nS. This output must be
terminated into a 502 load.

Busy Output This TTL output is used to synchronize the experiment to the internal rate
generator (if it is used) or to signal the data acquisition computer that the unit has
been triggered. The output will drive 50Q lines to 2 VDC, and is logic 1 from the
time of the trigger until the unit is ready to accept another trigger input. (A

L minimum of 45uS, longer for long delays or gate widths.)
e ™\

GENERAL SPECIFICATIONS

Power Supplies +24V/135mA, +12V/380mA, -12V/230mA, -24V/150mA. Approximately 14
Watts. Power from a NIM standard crate or from Stanford Research Systems
mainframe model SR280.

Mechanical Dual width NIM standard enclosure per TID-20893. Dimensions
2.7"x8.714"x11.5".

Warranty 1 year parts and labor on defects in materials or workmanship.

\ v,
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integrator is then normalized by the gate width to
provide a voltage which is proportional to the
average of the input signal during the sampling
gate. This signal is further amplified according to
the front panel sensitivity setting. Then it is
sampled by a low droop sample and hold amplifier,
and output via a front panel BNC connector. This
LAST SAMPLE output allows the experimenter to do
a shot-by-shot analysis of the signal being studied,
and makes the instrument a particularly useful
component in a computer data acquisition system.

A moving exponential average over 1 to 10,000
samples is available at the AVERAGED OUTPUT.
This traditional averaging technique is useful for
puliing small signals from noisy backgrounds. As
one averages many noisy samples of a signal, the
average will converge to the mean value of the
signal, and the noise will average to zero. In the
case of a random white noise background, the
signal-to-noise ratio increases as the square root of
the number of samples in the average. This allows
a S/N improvement of a factor of 100 using this

technique alone.
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POLARITY CONTROL AND

ACTIVE BASELINE SUBTRACTION

The Polarity of the Last Sample and Averaged Outputs is
controlled by rear panel toggle switches. If the Average switch is in
the Toggle position the polarity of the last sample is inverted on
every other shot before being added to the moving average. This
feature is used to subtract the baseline from the Average Output.
For this feature to operate, you must use the Active Baseline
Subtraction logic output to disable the experiment on alternate
triggers. The Last Sample Polarity control provides a simple way to
interface the device to unipolar ADC's.

EXTERNAL DELAY CONTROL

The External Delay Control Input allows the user to control the Gate
Delay with a voltage. The voltage applied to this input overrides the
front panel delay muttiplier.

AVERAGE RESET

The Average Reset input will accept a TTL low level or a switch
closure to ground to reset the moving average output. If the input
is held low for at least 1uS, a 2mS reset pulse is generated
internally, resetting the moving average.

Figure 2 - SR250 Rear Panel
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In addition to this traditional technique, the
averaging circuitry may be used to actively subtract
a baseline drift or background from the signal of
interest. This is accomplished by taking input
samples at twice the repetition rate of the
experiment, inverting the baseline sample
acquired when the signal is not present, and
adding it to the moving average. This method of
cancelling baseline drift is analogous to phase
sensitive detection which is used in frequency
domain measurements.

OPERATION

This section will describe the operation of the
SR250 Gated Integrator and Boxcar Averager
Module. The instrument's controls and input and
output characteristics will be discussed.

While there are several modes of operation, by far
the most common application of the SR250 is to
sample an input voltage at a fixed time from an
input trigger. The time delay from the input trigger
to the start of the sample gate is set by the front
panel delay controls: the width of the sample gate
is set by front panel delay controls.

EXTERNAL TRIGGER INPUT

The gate generator is usually triggered externally.
The external trigger input should be a clean signal:
if the trigger is marginal or noisy, then the gate will
jitter in time. You should avoid excessive high
frequency noise on this or on any other input or
output to the Boxcar (such as may be created by
laser Q-switches, discharges, or spark gaps).
Other important characteristics of the trigger signal
are:

Amplitude: The trigger pulse must be at least 0.5
volts, preferably should not exceed 5 volts, and in
no case is to exceed 100 volts. Positive or
negative trigger inputs are okay. The trigger
threshold is set between 0.5 volts and 2 volts by
the threshold knob. The unit will trigger when the
trigger input exceeds the set threshold.

Duration: For reliable triggering, the trigger must
remain over threshold for at least 5 nanoseconds.

Risetime: The trigger input is AC coupled to the
trigger discriminator. The time constant of this

circuit is about 10uS, therefore, external trigger
inputs must have a risetime of less than 10uS.
This AC coupling makes the trigger circuit immune
to DC shifts at the trigger input, and allows the unit
to trigger on the falling edge of a long positive logic
pulse. If the logic pulse is high for at least a few
milliseconds, then the unit may be triggered on the
differentiated falling edge of the pulse by setting
the trigger threshold to a small negative value.

Frequency: The maximum external trigger rate is
20KHz. This maximum is reduced if long gate
widths or delays are used. The external trigger
source should not try to trigger the unit while the
BUSY output is high, otherwise the trigger may be
missed or the unit may trigger erratically.

DELAY

When triggered, the unit will generate a gate, and
the input signal will be sampled while the gate is
on. The delay from the input trigger to the start of
the sample gate is set by the front panel delay
controls. A DELAY SCALE of 1nS to 10uS may be
selected. The DELAY MULTIPLIER, a 10-turn dial,
may be set from 0 to 10.0. The actual delay is
equal to the DELAY SCALE times the DELAY
MULTIPLIER, plus a nominal 25nS trigger
discriminator delay.

WIDTH

The width of the sample gate is set by the front
panel width controls. Gate widths from 2nS to
15uS may be set by selecting the appropriate
WIDTH SCALE and WIDTH MULTIPLIER. Do not
select gate widths shorter than 2nS, since the
sensitivity of the instrument reduces dramatically
under these conditions.

SIGNAL INPUT

The signal to be sampled is applied to the signal
input. This input has a 1 MQ input impedance, and
is passed to the SIGNAL OUTPUT via 3.5nS of
internal coax delay line. In many applications, the
signal cable should be terminated into 50Q. If it is
necessary to terminate the input signal this should
be done at the SIGNAL OUTPUT BNC connector,
and not at the SIGNAL input. The input signal
should not exceed + 2 volts, otherwise the
instrument's input buffer amplifier may saturate. |f
this happens, the OVER RANGE LED will turn on.
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Input signals with a DC component of up to 50
VDC are okay if the INPUT FILTER is on either the
10Hz or 10KHz range. The SIGNAL input is
protected against damage for input signals up to
100 VDC.

GATE OUTPUT AND SIGNAL OUTPUT

The GATE and SIGNAL OUTPUT show the exact
timing relation of the sample gate with respect to
the signal. The sample gate position is marked by
a +200mV output pulse. To overlap the sample
gate onto a particular portion of the signal, use
equal lengths of coax cable to bring the GATE and
SIGNAL OUTPUT to the inputs of a dual channel
oscilloscope. The GATE output cable should be
terminated into a 50Q load. You may also need to
terminate the SIGNAL OUTPUT cable into 50Q.
Trigger the oscilloscope with the Boxcar's BUSY
output, and adjust the DELAY MULTIPLIER to
position the gate output with respect to the signal
output. The timing accuracy of the gate and signal
outputs is 1nS.

SENSITIVITY

The SENSITIVITY switch selects the gain of the
instrument in volts out/volts in. The sensitivity may
be set from 1V/V upto 1V/5mV. The OVER RANGE
LED will turn on if the sum of the input signal and
the input offset, averaged over the sample gate,
exceeds ten times the sensitivity (i.e. the LAST
SAMPLE output exceeds 10VDC). You can make
the OVER RANGE LED go off by (1) reducing the
SENSITIVITY setting, (2) adjusting the INPUT
OFFSET control, (3) reducing the signal amplitude,
or {4) by changing the INPUT FILTER.

INPUT OFFSET

This 10-turn knob is used to add a DC offset to the
input signal. The offset may be set from +0.4 to
-0.4 VDC. Note that this is an offset control, as
opposed to a position control, and behaves
accordingly when the SENSITIVITY switch is
changed. Also, this input offset is not affected by
the position of the INPUT FILTER switch.

INPUT FILTER
The INPUT FILTER switch allows you to reject

unwanted signal components before they get to
the gated integrator. DC drifts are eliminated on

either AC range. The AC filters have a 6 dB/octave
roll-off, and so the 10KHz filter will reject 99.6% of
an unwanted 60Hz noise signal. On either AC
range the input is capacitively coupled, allowing
photomultiplier anodes to float up unless an
external resistance to ground is provided.

LAST SAMPLE OUTPUT

The LAST SAMPLE output has a full scale range of
+10VDC. The output is able to drive any load
greater than 2KQ to full scale. The output
impedance is less than 1Q, and has a short circuit
current limit of 20mA. The analog voltage, V, at the
LAST SAMPLE output, valid after the BUSY output
returns to its low state, is given by:

V = Average of In ring Last Gate
Sensitivity Setting

The polarity of the LAST SAMPLE output may be
inverted by a rear panel switch. You may wish to
invert the LAST SAMPLE output in order to obtain a
positive output from a negative photomultiplier
input.

AVERAGING

The AVERAGED OUTPUT provides an exponential
moving average over the number of samples
specified by the SAMPLES selector. If 300 samples
are selected for the moving average, the
AVERAGED OUTPUT will come to 67% of its final
value after 300 triggers. The RESET button may be
used to reset the moving average to zero. A rear
panel BNC input may also be used to reset the
moving average. The AVERAGED OUTPUT has an
output impedance of less than 1Q and a short
circuit current limit of about 20mA. The polarity of
the AVERAGED OUTPUT may be inverted by a rear
panel switch. This switch also allows the polarity of
the current sample to be inverted on alternate
triggers, a feature that is used in the ACTIVE
BASELINE SUBTRACTION mode, which will be
described later.

The averaging circuits use a sample and hold
amplifier which has a very small drift that can be
neglected in most applications. When triggering
stops, the AVERAGED OUTPUT drifts less than 1%
per minute on 1 to 30 sample averages and less
than .01% per minute for 100 to 10K sample
averages. This implies an error of less than 1% of
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full scale in any moving average for which the
trigger rate is greater than 1Hz.

BUSY OUTPUT

The BUSY output is a TTL output, capable of
driving 50Q loads to 2VDC, which goes high from
the time the unit is triggered until the unit is ready
for another trigger. The BUSY output goes high for
a minimum of 45uS, but will stay high longer if long
gate delays or widths are selected. The BUSY
output has several uses, including: (1) indicates
when the unit is busy, and so when external
triggers should not be applied, (2) may be used to
trigger other Boxcars, (3) may be used to
synchronize an experiment to the Boxcar's internal
rate generator, (4) may be used to tell the data
acquisition computer that the unit has been
triggered and that a new sample is available, and
(5) may be used to trigger an oscilloscope to help
time the sample gate with respect to the signal of
interest. Although it is not necessary to terminate
the BUSY output to 509, it is advisable. The BUSY
output has a 1nS risetime and so a substantial
reflection will occur if the it is not terminated.

ACTIVE BASELINE SUBTRACTION

In addition to the passive baseline subtraction
described in the examples, there is another
method of eliminating baseline drift called Active
Baseline Subtraction. This feature allows the
Boxcar Module to subtract baseline drift from the
AVERAGED OUTPUT signal. The baseline is
removed by taking samples at twice the repetition
rate of the experiment, inverting the sample taken
with no signal present (only baseline), and adding
it to the moving average. This technique is similar
to phase sensitive detection in that the baseline,
which is not synchronous with the signal, is
cancelled from the output. To use this feature the
AVERAGE POLARITY CONTROL switch on the rear
panel must be set to the TOGGLE position, which
will automatically invert the LAST SAMPLE on every
other trigger before it is added to the moving
average. Of course, the signal must be present
only on every other sample, so that only the

baseline is subtracted from the moving average.
To facilitate this, a rear panel output, ACTIVE
BASELINE SUBTRACTION, will toggle with each
trigger to tell the experiment when to allow and
when to inhibit the signal. The INPUT OFFSET
control may appear not to work when in this mode,
however this input offset is actually being
cancelled from the moving average. When using
Active Baseline Subtraction you should average
over 30 or more pulses in order to avoid a choppy
AVERAGED OUTPUT signal. Proper adjustment of
the INPUT OFFSET control will also help reduce this
effect.

EXTERNAL DELAY CONTROL

A control voltage applied to this rear panel BNC
input overrides the front panel DELAY MULTIPLIER
dial. The delay control voltage may be set from 0 to
10.0 VDC. This control input may be used to scan
the sample gate in order to record entire
waveforms. The input impedance varies from
10KQ to 16.6KQ depending on the DELAY
MULTIPLIER dial setting; this impedance terminates
to a voltage equal to the DELAY MULTIPLIER
setting. There are two consequences of these
input characteristics: (1) control signals applied to
this input should come from a low impedance
source (such as the SR200 Gate Scanner
Module), and (2) you may use the EXTERNAL
DELAY CONTROL input as an output in order to read
the DELAY MULTIPLIER dial setting. The output
impedance also depends on the delay setting,
from 10KQ at 0.0V to 16.6KQ at 10.0V. Beware
that if you draw current from this ‘input’ the DELAY
MULTIPLIER will be affected, and may appear to be
malfunctioning.

AVERAGE RESET

As previously described, the AVERAGE RESET
input may be used to reset the voltage at the
AVERAGED OUTPUT to zero. This input has an
internal 10KQ pull-up to +5VDC. A TTL low or
switch closure to ground will reset the moving
average. The input must be held low for at least
1uS, which will trigger an internal 2mS reset pulse
which clears the averaging capacitors.



Stanford Research Systems Fast Gated Integrators and Boxcar Averagers

Glass Wedge
Gas Discharge Tube
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Pulsed Dye Laser Energy Meter

Photodiode

LN

Spectrometer Trigger
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Figure 3 - Experiment For Application Examples

APPLICATIONS 1) The laser pulse width is 8nS.

2)There is a 40nS delay in the photomultiplier,
This section will illustrate some specific operating from the time photons strike the photo-cathode
examples using the SR250 Gated Integrator, until the anode signal is seen.
together with other Boxcar System components. 3)Decays from the final state are very fast; the
Although the specific examples involve data lifetime is less than the laser pulse length.
acquisition in pulsed laser experiments, many of 4)The laser induced signal is expected to be only
the concepts and techniques introduced in these 25% of the background and is only present
examples are applicable in other areas of research. during the laser pulse. The experimenter wants

a final Signal/Noise ratio of 5:1.
PULSED LASER DATA ACQUISITION

In this example, excited state atoms in a gas
discharge are to be transferred to a different
excited state by a pulsed dye laser. Figure 3
shows the experimental arrangement for this and
the other examples. The transfer will be inferred
by the increased fluorescence from the final state
as the dye laser frequency is tuned through the
transition frequency. The experiment is difficult
because the background fluorescence signal from
final state atoms excited by the discharge is larger
than the laser induced signal. The desired result is Dye Laser Frequency
shown in Figure 4.

Signal

Other details of the experiment, are shown in Figure 4 - Desired Result for Example 1
Figure 5, and summarized here:
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Figure 5 - Experimental Timing Details

The Boxcar Averager system for this experiment is
shown in Figure 6. The SR280 Mainframe
bar-graph display is used to show shot-by-shot
data, while the digital and analog panel meters are
used to display the Boxcar outputs. The timing of
the sample gate with respect to the laser induced
signal is a very important aspect of this signal
recovery problem. To maximize the S/N of the
result it is important to gate the integrator open
only while the S/N is favorable: we must be certain
to look only during the 8nS laser pulse. To simplify
this timing, the SR250 has signal and gate
outputs; the signal output is the same as the
signal input, but internally delayed by 3.5nS of
coax cable. This delay is added to provide an exact
coincidence between the signal and gate outputs.
Using a dual channel oscilloscope, usually in the
ADD mode, the gate can be accurately positioned
over the portion of the signal for which the laser is
on.

As shown in Figure 3, a reflection of the laser off a
glass wedge is used to trigger the unit via a fast
photodiode. The BUSY output from the SR250 is
used to trigger the oscilloscope, and equal lengths
of cable are brought to the oscilloscope's A and B
inputs from the GATE and SIGNAL OUTPUT for the
gate timing. The gate can now be accurately
positioned over the signal by adjusting the DELAY
MULTIPLIER. (lf the laser induced signal is too small

to be seen for timing purposes, one could tune
the spectrometer to the laser frequency and rely
on scattered laser light to time the gate to the
signal.) Because the photomultiplier delay (about
40nS for a 12 stage PMT) is greater than the 25nS
minimum gate delay of the SR250, no cable delay
is required to slow the signal from the PMT. And,
since the unit is triggered by the laser light, there
will be virtually no jitter of the gate with respect to
the signal. Low timing jitter is important, as we will
be using an 8 to 10nS gate in this experiment. f,
because of a long trigger delay, we were forced to
use a less stable trigger, the S/N of the experiment
would be adversely affected.

In this hypothetical experiment, the S/N of each
sample is 1:4. To achieve the desired 5:1 S/N an
enhancement of 20 is needed, requiring that
about 400 shots be averaged. Knowing this, we
select the closest averaging interval, 300 samples,
which will give a S/N enhancement of a factor of
17. If the laser is operating at 10 Hz, the effective
time constant is 30 seconds: we must be sure not
to scan the laser through the transition too quickly.

Data is recorded by displaying the average output
on the y-axis of a strip chart recorder as the laser is
slowly scanned over the frequency region of
interest.



Stanford Research Systems

Fast Gated Integrators and Boxcar Averagers

THE BASELINE PROBLEM

In the preceding experiment, we would have used
the 10KHz input filter on the signal input: there are
no signal components of interest below 10KHz,
and so this measure will reduce low frequency
noise (i.e. 60Hz and baseline drift).

You may wish to reject even higher frequencies.
There are at least two good ways of doing this.
The first is to insert a small capacitor in series with
the signal input. If the signal line remains
terminated into 50Q at the oscilloscope, and we
use a 470pF capacitor, then frequencies below
6.7MHz will be rejected with a 6dB per octave low
frequency roil-off.

The second method is actually a very effective
method of baseline subtraction. To use this
method, after completing the fast timing of the
signal and the gate, terminate the SIGNAL OUTPUT
into a shont circuit. (Make sure that this will not
damage your detector.) This probably seems like a

very bad idea at first, but recall that there is 3.5nS
of coax cable between the SIGNAL input and
SIGNAL OUTPUT. The 100% (inverted) reflection
from the short will not be seen at the input for
2x3.5 = 7nS. The inverted reflection (which is the
baseline at a time 7nS prior to the signal) is
superimposed on the input when it is sampled by
the gated integrator. If you want to sample the
baseline more than 7nS before the signal, just add
some additional coax to the SIGNAL OUTPUT before
terminating it into a short.

You may want to subtract the baseline just
following your signal (rather than the baseline just
before). To do this, we are going to sample the
reflected signal, superimposed on the baseline
(which follows the signal in time). When you do
this, you must, of course, move the gate later in
time, by an amount equal to 2 x(3.5nS + length of
your shorted coax). Since you're sampling the
reflected signal pulse, it will be inverted--you may
fix this with the output polarity controls on the back

panel of the SR250.

SRS
S48 wiiCANIOS

so.

' Oscilloscope
Photomuittiplier
Photodiode Trigger

Chart Recorder

Figure 6 - Boxcar System for Example 1
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EXAMPLE 2

Essentially the same as Example 1, only this time
we want to normalize the fluorescence signal to
the laser intensity. The Boxcar Averager System
for this experiment is shown in Figure 7. In this
instance, the Mainframe display meters are used to
show the signal intensity shot by shot, the
averaged signal intensity, and the averaged laser
intensity. The fast timing of the signal is done as
before, and Passive Baseline Subtraction done
with a shorted coax cable attached to the Signal
Output. A second SR250 is used to integrate the
output of an energy meter. The time response
from the energy meter is much slower than from
the PMT, and so we will use a much longer gate at
a later time to sample its output. This is possible
because all the boxcar modules have entirely
independent gates. Both boxcar units are set up
to average over 300 samples, and the second
Boxcar is triggered from the BUSY output of the
first Boxcar. The average outputs are ratioed in an
SR235 Analog Processor, and the result, Signal

Intensity vs. Laser Energy, is displayed on a strip
chart recorder.

In order to extend the dynamic range of this
experiment, we could select F(x)=In(a/b) from the
Analog Processor. This would display signal
changes between 10mV and 100mV as
predominantly as changes between 1V and 10V.

EXAMPLE 3

In this example, we want to record the lifetime of
the excited state by observing the exponential
decay of the population from that state. To do this,
we will tune the laser in order to promote atoms to
the state of interest, and slowly scan the gate
delay, recording the normalized signal intensity
versus gate delay. The Boxcar Averager System
for this experiment is shown in Figure 8. Here, the
Mainframe display meters are used to show the
laser intensity (shot by shot as well as the moving
average) and the averaged signal intensity. For an
excited state with a lifetime of 50nS the expected
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Figure 7 - Boxcar System
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Figure 8 - Boxcar System for Example 3

result is shown in Figure 8. The SR200 Gate
Scanner Module is used to slowly scan the gate,
and to provide x-axis and pen-lift controls to the
chart recorder. This module provides a control
voltage to the Boxcar which overrides the front
panel delay multiplier. (Electronically turning the
delay multiplier knob, if you will.)

Depending on the number of samples being
averaged, it is possible to scan the gate too fast.
Scanning too fast will distort the shape of the
decay curve, a bad thing as we are trying to
measure the lifetime of the excited state from this
curve. A very simple way to judge if this distortion
is occurring is to compare the scan with one taken
backwards, i.e.. from long delays to short delays.
The SR200 allows scans in either direction,
controlling the chart recorder motion properly in
either case.

An obvious extension of Example 3 would be to
display the log of the intensity normalized signal on
the chart recorder. Doing so will remove any laser

12

intensity fluctuations, allow direct measurement of
the state's lifetime (now a straight line on the chart
recorder), and extend the dynamic range of the
experiment.

Intensity
1

1 1 T

-
0 20 40 60 80
Time - nS

T
100

Figure 9 - Desired Result for Example 3
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NOTES ON COMPUTER INTERFACE

Several improvements in the operation of these
experiments can be achieved by controlling the
experiment and the data acquisition by a laboratory
computer. The unique ability of the Gated
Integrator Module to provide shot-by-shot data
dramatically increases the instrument's utility. The
LAST SAMPLE output (or AVERAGED OUTPUT) can
be digitized by the SR245 Computer Interface
Module and sent to the lab computer via RS232 or
GPIB. As an example of how a small computer
could be used, consider Example 1. In this case,
the effects of long term drift can be virtually
eliminated by having the computer average the

results of many short scans, rather than suffering
the consequences of the long term drift in a single
long scan.

INTERNAL TRIGGERING

In all of the preceding examples, the unit has been
externally triggered. The trigger section of the
SR250 also contains a rate generator which is able
to trigger the unit at any frequency between 0.5Hz
and 20KHz. When internally triggered, you will
want to use the BUSY output as a trigger for your
experiment. The BUSY output has a fast rising
edge (about 1nS) which precedes the earliest
possible gate by about 10nS.

13
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TIMING SPECIFICATIONS

SYMBOL DESCRIPTION MIN  TYPICAL MAX  UNIT

Trigger (See note 1)

Tyr Trigger rise time 1 uS
Tih Trigger high time 5 nS
Ty Trigger low time 3xTih nS
Tont Time from busy to next trigger S us

Busy Output (See notes 2 and 3)

Tod Busy delay from trigger 15 25 nS
Tor Busy output rise time 1 1.5 nS
Toh Busy output high time 45 50 uS

Gate Output (See note 2)

Tgd,min Minimum gate delay from trigger 25 30 nS
Tgd,set Range of settable gate delays 0 100 | mS
Tor Gate rise (opening) time 20-80% .8 1.2 nS
Tgh Gate high (opened) time 2 15K | nS
Tgf Gate fall {closing) time 20-80% .8 1.2 nS

Toggle, Last Sample, and Averaged Outputs

Toct Time from gate close to toggle out 9 10 11 uS
Tgcsv Time from gate close to sample valid 10 12 uS
Tgcac Time from gate close to average change 10 12 us
Thiav Time from busy low to average valid 0 uS
Note1: The trigger may be positive or negative. In this specification, 'High' refers
to the time over threshold, and 'Low' refers to the time below threshold.
Note 2: The output should be terminated into 50Q.
Note 3: The Busy output high time is specified for sub-microsecond gate delays
and widths. This time will be extended if longer gate widths or delays
are used.

14
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Figure 10 - SR250 Timing Diagram
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TROUBLESHOOTING

Although the SR250 is relatively straightforward to
operate, there are a few common problems that
users encounter. The troubleshooting
suggestions given here are not intended to
diagnose a unit failure, rather, they are intended to
help the user be sure that the apparent

Troubleshooting at the component level is not
recommended as there are several pitfalls for the
untrained. Factory service is available.

To start, be certain that the unit is screwed into the
mainframe, that all four power supplies are okay
(£12 and +24 VDC). When measuring the bin
supplies, beware of the 110 VAC on the pins at

malfunction is not an ‘operator error'. the bottom of the NIM connector block.
e =\
PROBLEM PROBABLE CAUSE
No trigger LED on The NIM Bin power supply is off, unplugged, or defective. The
internal trigger ranges Boxcar Module is not plugged in all the way. Bad trigger LED.
External trigger does not work The trigger threshold is set too high or the external trigger pulse
is too small (<.5VDC) or too fast (<5nS). Also, Q1 or Q2 may be
damaged from excessive inputs ( >100 VDC).
Line trigger does not work The THRESHOLD knob needs to be adjusted, or the NIM
neutral is floating (operating off an isolation transformer).
Erratic triggering Threshold is too high or triggered during the Busy period. If a
long delay scale is selected, the unit allows itself more time to
reset the delay one-shot which will extend the Busy pulse and
reduce the maximum repetition rate.
Gate delay multiplier does not work Something (such as the Gate Scanner Module) was left plugged
into the rear panel EXTERNAL DELAY CONTROL which overrides
the delay multiplier.
Cannot see the gate GATE output not terminated into 50Q, oscilloscope improperly
triggered, or gate width set below 2nS.
. y,

16
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PROBLEM

Overrange LED on

AVERAGED OUTPUT does not work

Wrong Polarity at LAST SAMPLE
or AVERAGED OUTPUT

Input offset control does not
move AVERAGED OUTPUT

Choppy output at

the AVERAGED OUTPUT

Excessive gate jitter

LAST SAMPLE erratic

PROBABLE CAUSE

Input Signal > 2VDC or the LAST SAMPLE output is greater than
10VDC. The later may be corrected by adjusting the input offset
control or by reducing the sensitivity. If the unit is not triggered,
the LAST SAMPLE output drifts at 0.1% per second. Eventually
the LAST SAMPLE output may drift to +10VDC and turn on the
Overrange LED.

Check if the rear panel switch AVERAGE POLARITY CONTROL is in
the toggle position. Reread the Active Baseline Subtraction
explanation. Check if something was left plugged into the rear
panel AVERAGE RESET.

Check the positions of the rear panel POLARITY CONTROL
switches.

In the Active Baseline Subtraction Mode it is not supposed to. All
input offsets (and Baselines) are cancelled by the Active
Baseline Subtraction circuits.

This can happen in the Active Baseline Subtraction mode when
averaging just a few shots. The chop can be reduced by
averaging over more shots or by adjustment of the input offset
control.

External trigger amplitude is too small or the rise time is too slow.
Also, gate jitter is reduced by using the shortest delay scale that
will work. Triggering too close to the Busy period (within a few
uS) may also cause the gate to jitter.

Input signal noisy or overrange. Sensitivity too high. Excessive
trigger amplitude or high frequency noise.

17




Stanford Research Systems

Fast Gated Integrators and Boxcar Averagers

CALIBRATION

The procedure for recalibrating the SR250 is given
in this section. Normally, recalibration is not
needed or recommended, however, if the unit has
been repaired and components replaced, then
this procedure may be required. This procedure
should be undertaken only by qualified persons.
Factory recalibration is available: please call
Stanford Research Systems for details.

This prodecure may also be used to carefully verify
that a unit is working properly: just follow the
procedure without making any adjustments. If any
adjustments are made, it is necessary to complete
the entire recalibration procedure.

POWER SUPPLY CHECK

Internally trigger the unit at 3+KHz, and trigger the
oscilloscope with the BUSY output. To check for
supply oscillation and response, look at each
supply on AC 5mV/Div, 50uS/div. Record supply
spike amplitudes. Record supply levels using a
DVM.

NIM Supplies [£1%)]

VvDC AC Spike

[<30mV]

Osc?
Y/N

Supply

vDC
+24
+12
-12
-24

Internal Supplies [£5%)]

VDC AC Spike

[<20mV]

Osc?
YN

Supply
VDC
+15
+5
-5
-15
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INTERNAL TRIGGER OPERATION

et-up: Delay= 10nSx 1.0
Width= 30nSx 3
Signal= 1V, DC, centered offset
Average= 300 Samples
Polarity=  Both Switches up
Trigger LED Working?
Line Trigger at 60Hz?

Visual Trigger 1-30Hz?
Manual Trigger Working?

e p— — p—
[y Sy Wy W—

Internally Trigger the unit at 1+ KHz. Trigger the
scope on the rising edge of the BUSY output.
Look at the BUSY output into a 50Q load.

VvV Busy Output Amplitude [1.9V to 2.3V]
__ uS Busy Output Duration [43uS to 48uS]
[ ] Trigger Rate Generator from

100Hz to 20KHz?

GATE WIDTH CHECK

Internally trigger the unit at 10+ KHz. Trigger the
scope on the rising edge of the BUSY output, and
observe the GATE output terminated into 50Q.

mV GATE output amplitude [180 - 230mv]

Width Scale  Gate Width (mult=5)
3usS ____uS [£30%]
1uS . nS [£30%)]
300nS __ nS [+30%)]
100nS __nS [£30%]
30 nS . nS [£30%]
10 nS __nS [£30%]
3nS _nS [$30%]
1nS __nS [£30%]
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GATE DELAY CALIBRATION

[ ] Adjust P13 at location B7 for 10.00VDC
at CW mark of P14 @ A7.

[ ]Adjust P12 at location B5 for 10.1VDC
across R54 at location B5.

[ 1 With the delay scale set to 1uS and the
delay multiplier at 1.00, adjust P4 at
location C5 for 1.00uS from BUSY to GATE.

Measure and record the time from the rising edge
of the BUSY output to the start of the GATEoutput.

Trig DelayScale Mult=10.0 Mult=0.0
10K 1 nS nS nS
10K 10 nS nS nS
10K  100nS nS uS
1K 1 us puS usS
1K 10 uS uS uS
100 100uS uS mS
100 1 mS mS

10 10 mS mS

LAST SAMPLE OUTPUT
Setup:  Internal Trigger at 100 Hz
Width= 3uS x 3
Delay=10nS x 10.0
Sensitivity =20 mV

[ 1 Adjust the offset pot to read 0.0 VDC
at the LAST SAMPLE output.

____VDC Measurement of voltage on offset
pot rear-most lug, V(sw). [<2 VDC ]

_____VDC Adjust Offset Pot for 5.0VDC at
LAST SAMPLE output. Invert last sample
output and record last sample output
voltage. [-5.00VDC]

+___VDC Last Sample output for positive
over-range indicator.[+10 VDC]

-___VDC Last Sample Output for negative
over-range indicator. [-10 VDC]

19

AVERAGED OUTPUT TESTS

Adijust offset for LAST SAMPLE=5.00VDC.
Average over 300 samples.
Trigger at 1+ KHz.

Setup:

VDC Non-inverted AVERAGED OQUTPUT

[5.00VDC]
____VDC Inverted AVERAGED OUTPUT
[-5.00VDC]
___VDC Toggle AVERAGED OUTPUT
[0.0VDC]

Place AVERAGED QUTPUT on scope,
display 0-10VDC. Select normal polarity,
and using the front panel reset button,
verify an approximate 1 second time
constant for 9 Trigger Rate/Sample
Average pairs (from 1Hz & 1 Sample to
10KHz and 10K Samples)

Verify rear panel reset operation by
shorting the input to ground.

Trigger at 1+ KHz. Average over 3K
samples. Adjust input offset for last
sample = 0.0VDC. Select TOGGLE for
average polarity then adjust P6 at
location E5 (3K sample null) so that
AVERAGED OUTPUT is 0.0VDC.

[]

[]
[]

RESET NULL ADJUST

Setup: 1KHz Trigger

Delay = 10nSx 1.0

20mV Sensitivity

Width=3ns x 3

Adjust Input Offset for Last Sample = 0V

Viewing Pin 6 on the LM318 (U18 at
location D2) adjust P8 at location D7
(Reset Null) for the best return to its

baseline at a time 50uS after reset.

[ ]
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GATE RATIO ADJUST

Setup: Trigger at 1KHz
Delay = 10nSx 1.0
Average over 300 Samples
Width = 300nS Scale
Sensitivity = 50mV
" Input offset for Last Sample= 0.0VDC
DC couple
Average Output Polarity = Toggle

Use the Toggle output, terminated into 50Q, and
Via a 220Q resistor to the Signal input as the signal
source. The Signal Output must be terminated
into 50Q. Now the Average output is a Baseline
Corrected measurement of the instrument's
sensitivity.

[ ] Verify that the signal output is a 320mV
square wave.

[ ] Carefully adjust P5 at location C3 (Gate Ratio)
for the smallest change in the AVERAGED
output as the Width Multiplier is scanned from
110 5. (This adjusts the Gate Width Ratios to
5:1 and so assures that the sensitivity is
independent to the Width Multiplier.

AC AND DC GAIN CALIBRATION

Setup: Trigger External
Delay = 1us scale
Sensitivity = .1VDC

Use the SR200 Gate Scanner to scan the delay
multipliers from 0 to 10. Use a 10uS, 500mV fast
pulse (@3KHz) as the signal input. Place the
scope in the XY mode to display the input
waveform. The Gate Output from another SR250
will do.

[ 1 Adjust the P9 at location F5 (DC gain)to get a
flat top on the observed voltage waveform.
This matches the AC and DC gains.

[ ] Observe about 40% droop of the flat-top
when the input filter switch selects 10KHz.

[ ] Observe a baseline shift when coupling
changes from DC {o AC.

SENSITIVITY CALIBRATION

The instrumment's sensitivity is calibrated in this
section. With the sensitivity set at 0.2V, a
1.00VDC input should produce a 5.00VDC
output.

etup: Trigger 1KHz
Delay = 1uS x 1.0
Sensitivity = .2VDC
Width Multiplier = 3.0
Terminate Gate Qutput in 50Q

Set the width scale to 3uS. Input0.00VDC and
adjust the input offset to give 0.0VDC at the Last
Sample Output. Input 1.00VDC and adjust P7
(Gain) at location F5 to read 5.00VDC at the Last
Sample Output.

For each Width Scale in the table below, input
0.00VDC and Adjust the input Offset for Last
Sample = 0.0. Then input 1.00VDC and record
the voltage at the LAST SAMPLE output.

Width Range LAST SAMPLE OQutput
3 psS 5.00 VDC [by adjustment]
1 us VDC [5.0V +£.25V]
300 nS VDC [5.0V £.25V]
100 nS VDC [5.0V +.25V]
30 nS VDC [5.0V £.25V]
10 nS VDC [5.0V £.25V]

[ ]Be certain to terminate the GATE output

[ 1 Adjust C121 at location C1 to calibrate 3nS
Width Scale Sensitivity.

[ 1Adjust P11 at location D2 to calibrate1nS
Width Scale Sensitivity.

[ ]Adjust P10 at location E3 for maximum flatness
of Average Out vs Width Multiplier.

With the Width Muiltiplier returned to x 3, repeat
these adjustments:

[ ]Adjust C121 at location C1 to calibrate the 3nS
Width Scale Sensitivity.

[ ]Adjust P11 at location D2 to calibrate 1nS
Width Scale Sensitivity.
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HIGH SPEED PERFORMANCE

Return to the X-Y mode to display the Fast input
waveform on the scope.

_____ nS Record the gate width setting for which
the sensitivity falls to 50% of its nominal
value [about 2 x 1nS].

___nS Record the 20% to 80% rise time of the
displayed waveform. [3nS].

nS Record the 20% to 80% fall time of the
displayed waveform. [3nS]

MODIFICATIONS

INCREASING THE SENSITIVITY

In situations where pre-amplifiers are not available,
the sensitivity of the SR250 may be increased by
an approximate factor of 10 by replacing the
integrating capacitors with smaller values. The
required changes are listed below in Figure 11.

EXTENDING THE GATE WIDTH

The SR250 gate width can be extended to 150 us
with the addition of a 0.33 uf capacitor. This
capacitor is placed in parallel with C127, which
controls the width of the gate pulse on the 3 us
width scale. The capacitor should be soldered to
the solder side of the printed circuit board,
between the right pad of C126 and the left pad of
C127 (as viewed from the component side.) A poly
or mylar film capacitor with a 5% tolerance shouid
be used. With this modification, only the 30 us
width scale is affected, and on this scale:

1) The 3 us width scale is changed to 30 ps,
allowing gate widths from 30 us to 150 ps.

2) The sensitivity is increased by a factor of 10.
This is because the gate width was made 10
times longer while the integrating capacitor
was left the same. It is not possible to increase
the integrating capacitor due to limitations on
the reset circuitry.

3) The actual gate width depends somewhat on
the repetition rate. See Figure 12 for details.

Width Integrating Board
Range Capacitor Location
1 nS c212 F4

3 nS c219 D1

10 nS c220 D1

30 nS ca21 D2
100 nS c222 D2
300 nS ca23 D2

1 us C224 D2

3 uS Cc225 c2
Notes:

Factory Action to Increase

Value (pf) Sensitivity by x10

56 Not recommended

150 Not recommended

1000 Remove C220

3300 Replace C221 w/ 220 pf
10,000 Replace C222 w/ 1000 pf
33,000 Replace €223 w/ 3300 pf
100,000 Replace C224 w/ 10,000 pf
330,000 Replace C225 w/ 33,000 pf

1) Use only silver mica, poly or mylar film capacitors.

2) Be careful not to damage the PCB with excessive heat.

3) We suggest removing only one lead of the capacitor to be replaced and attaching
the new component to the non-component side of the printed circuit board.

4) The overload light will not function properly on the 1V/V sensitivity scale.

Figure 11 - Increasing The Sensitivity By A Factor Of 10
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Gate Width vs. Repetition Rate with 0.33 pF Width Extending Capacitor
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Figure 12 - Gate Width vs. Repetion Rate After Gate Width Modification

4) The gate marker output will have some droop.
This does not affect the operation of the
device: its response is flat during the gate.

5) Beware of using the 10KHz input filter. This
filter AC couples input signals with a 15 us
time constant.

REPLACING FRONT END TRANSISTOR

Symptoms: The red OVER RANGE LED stays on
and the LAST SAMPLE output cannot be zeroed.

Supporting Evidence: Your photomultiplier anode
does not have a leakage resistor, and so is prone

to charging up the signal cable to a few hundred
volts. The last time you saw the red light off was
just before you plugged the cable into the signal
input.

Conclusion: The front end transistor, Q20, a J310
N-Channel JFET, is damaged.

Replacement: Q20 is at location G2 on the printed
circuit board. Before removing the damaged Q20,
note its orientation: the silk screen legend on the
circuit board is wrong. The new J310 must go in
opposite to the legend, the same as the old J310.
No recalibration is required when replacing Q20.
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CIRCUIT DESCRIPTION

The SR250 Gated Integrator and Boxcar Averager
Module is constructed on a single printed circuit
board, mounted in a NIM compatible module. The
unit uses about 12 Watts of power from the 12 and
24 volt NIM supplies. All critical circuits use doubly
regulated supplies: the NIM +24V supplies are
regulated to +15V and the £12V supplies are
regulated to £5V. RF performance is enhanced by
use of PCB mounted rotary switches, careful
design of the PCB, and by the use of some very
fast transistors in emitter coupled configurations.
Reliability is assured by careful design and
manufacturing, and by comprehensive testing and
burn-in of every unit.

TRIGGER CIRCUIT

The trigger input has a 1MQ input impedance. The
trigger input is buffered by transistors Q1 and Q2
which drive a 100Q stripline going to the trigger
discriminator, U1. If the trigger exceeds the trigger
threshold, U1 clocks the trigger latch Q3-Q86,
turning on the constant current source for the
delay one-shot. The trigger latch will be reset after
the sample gate is finished, and is disabled until
the unit is ready to receive another trigger.

DELAY ONE-SHOT

The delay capacitor, which was precharged to a
specific voltage by the Delay Precharge circuit, is
discharged by the constant current source, 1/2
U4. The value of the delay capacitor increases by
10. The precharge voltage depends on the delay
multiplier setting (or on the External Delay Control
Voltage, if used). When the delay capacitor is
discharged to about 5V, the End Of Delay
discriminator sets the End of Delay latch. The latch
output is buffered by Q12 and Q13 and delayed
by two coax delay lines. The delayed signal is
received by Q14 and Q15 which start the gate.
The delay lines delay the start of the gate by a few
nS, cancelling the insertion delay of the width
one-shot, allowing the generation of very short
gates.

WIDTH ONE-SHOT

The width one-shot is similar to the delay one-shot.
A constant current source, 1/2 U5, is turned on at
the end of the delay one-shot. A width capacitor,
selected by the WIDTH SCALE selector, is
precharged to a voltage determined by the Width
Multiplier control pot. When the width capacitor is
discharged to about 5V Q16, Q17, and 2/2 U5
latch-up, indicating the End Of Gate. This End Of
Gate is used to turn off the gate at Us.

GATE BUFFER

U6 consists of two emitter coupled pairs with
constant current sources, which are configured as
an exclusive-or gate. The output of U6 is used to
drive the bases of Q29 and Q30, very fast (4GHz)
transistors, which gate open the high speed
analog gated integrator. Part of the collector
current of transistor Q29 is passed out via the
GATE front panel connector. This output must
always be terminated into a 50Q load for proper
operation of the instrument.

SIGNAL INPUT AND OUTPUT

The SIGNAL input is passed to the SIGNAL OUTPUT
via 3.5nS of coax cable. This delay is inserted so
that there will be an exact coincidence between
the SIGNAL OUTPUT and the GATE output to allow
simple, accurate set up of the instrument. The
SIGNAL input is coupled directly, or via a .01uF
capacitor, to a 1 MQ input impedance unity gain
buffer amplifier, Q20 and Q21. The input signal is
also passed to an IC op amp circuit. The op amp
output will be used in a feedback loop to eliminate
DC drifts associated with the fast buffer amplifier
and gated integrator.

GATED INTEGRATOR

The Fast Gated Integrator consists of transistors
Q23-Q28 and their associated bias circuits. Q23
and Q28 are constant current sources that are
‘programmed’ by the input signal: for a positive
input signal the current in Q23 is reduced and the
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current in Q28 is increased. This current
imbalance is integrated on the integrating capacitor
when the gate is opened. A difference amplifier,
3/4 of U16, compares the imbalance to the input
signal and makes minor adjustments to the current
sources to eliminate drift. The low frequency gain
of the gated integrator is set by P9 to match the
high frequency gain (determined by the emitter
resistors of Q23 and Q28) to produce a flat
response from DC to over 100MHz. The analog
current gate, Q24-Q27, normally channels the
current imbalance to ground. When the gate drive
is applied to the gated integrator, Q24 and Q27
turn off, and Q25 and Q26 turn on, channelling the
current imbalance to the integrating capacitor. The
integrating capacitor, which was reset prior to the
unit being triggered, integrates the current
imbalance while the gate is open. The value of the
integrating capacitor changes with the WIDTH
SCALE: bigger integrating capacitors are needed
for longer gates in order to avoid saturation. When
the gate turns off, the voltage on the integrating
capacitor is proportional to the integral of the input
signal during the gate.

GATE WIDTH NORMALIZATION

We want a result from the gated integrator which is -

proportional to the average of the input signal
during the gate, not to the integral of the input
signal. To accomplish this, we must divide the
integral of the signal by the gate width. This is
done in two ways. First, as the WIDTH SCALE is
changed, the width selector switch changes both
the width one-shot capacitor and the integrating
capacitor. The ratio of these capacitors is carefully
matched on all width ranges by selecting width
compensating capacitors after the unit is burned in
at the factory. Secondly, the gated integrator
output is normaliized for the width multipliers within
a particular range. This is done by using a dual pot
for the width muttiplier: one of the pot elements is
used to change the width of the gate, while the
other is used to scale the gain of 3/4 U17. By
decreasing the gain for wider gates the integral is
normallized becoming an average.
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SENSITIVITY

The sensitivity of the unit is changed by changing
the gain of U18 which amplifies the output of the
gated integrator. This amplifier has a switch
selectable gain from 0.5 to 100. The Offset
Control is injected before U18, so that the offset is
also amplified, making it appear as an input offset
(as opposed to a position) control.

SLOW LOGIC TIMING

At the end of a sample gate, a TTL signal, 'END’, is
generated to start a 10uS one-shot, 1/2 U15. This
10uS signal is used to sample the gated integrator
output. When finished, the 10pS SAMPLE pulse
re-triggers the 10mS one-shot, 2/2 U15, to blink
the TRIG LED, and toggles the flip-flop that is used
for active baseline subtraction. 'END’ is also used
to reset the trigger latch. Upon reset, the trigger
latch clocks the one-shot 1/2 U8, initiating a pulse
which is at least 12uS long in order to reset the
Gate Delay Circuit. This pulse, 'R-DELAY", is
extended in order to allow the delay capacitor time
to precharge if the unit is using a delay range
greater than 100nS. When 'R-DELAY" ends, 2/2
U8 is triggerred, starting a 33uS puilse which is
used to (1) Precharge the width one-shot timing
capacitors, (2) reset the Gated integrator
capacitors, and (3), add the Last Sample to the
Boxcar Average. After the 33uS one-shot times
out, the cycle is complete, and the BUSY output,
which has been high during the entire cycle, is
released. When the BUSY is released, the trigger
inhibit is also removed, allowing the next trigger to
occur.

OVER RANGE LED

The OVER RANGE LED is tumed on when the input
signal exceeds +/-2VDC, or, if the LAST SAMPLE
output exceeds 10VDC. In the first case, the input
signal must be reduced, or the coupling changed
to an AC range. In the second case, the overrange
error may be eliminated by either reducing the
SENSITIVITY or by adjusting the INPUT OFFSET
control.
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INTRODUCTION

The model SR255 Fast Sampler is a high speed,
sample and hold module designed to measure
signals of very short time duration.

The SR255 consists of a trigger discriminator,
delay generator, gating circuit, sampling bridge,
and digital linearization circuit. A voltage applied to
the rear panel BNC controls the delay between the

trigger and the sample gate. The gating circuit
activates the sampling bridge with a pulse
generated by a step recovery diode and a shorted
transmission line. The line's round trip delay is set
internally to provide a gate width of 100 psec, 200
psec, 500 psec or 1 nsec. The sampled voltage is
amplified according to the front panel SENSITIVITY
switch, and digitized by an 8 bit A/D converter.
The digitized signal is adjusted by a PROM which is
customized for each unit to linearize the response

GATE WIDTH

CONTROLS
Sensitivity

Trigger Level

INPUTS
Signal Input

Trigger Input
Gate Delay

OUTPUTS
Signal Qutput
Gate View
Sample Output

Digital Qutput

GENERAL
Power

Mechanical

Warranty

Figure 13 - SR255 Front Panel

SPECIFICATIONS

100 psec, 200 psec, 500 psec, and 1 nsec.
Front panel LED indicates selection.

100mV/V, 250 mV/V, and 1 V/V (Vin/Vout).
Overrange LED indicates signal is too large.
-0.5 V for negative trigger (NIM standard).

+0.1 V for low level positive triggers.

+1.0 V for TTL compatibility.

LED blinks with each trigger. 50 KHz max rate.

Protected to +5 VDC. Z, =50 Q.
Full Scale input equals the sensitivity setting.
Protected to +5 VDC. Z, =50 Q.

1 nsec/V, 10 nsec/V, 100 nsec/V, or 1 usec/V.
Input at rear panel. Minimum insertion delay is 20 nS.
Jitter less than 10 psec +.01% of full scale delay.

SIGNAL IN is passed to SIGNAL OUT for termi-

nation, signal timing and special applications.

The leading edge shows precise timing of the

sample gate with respect to SIGNAL OUT

Provides an analog output (without droop) of the
sampled signal. Qutput resolution is 1/4% of full scale.
8-Bit digital interface for the SR245 or a computer.

Data Byte - 8 bits give the amplitude of the signal sample
including PROM linearity correction.

Status_Bvte - provides status of gate width, sensitivity, data
ready, data sign, data missed, and overload error.

+24V /100 mA, -24V /110 mA, +12V / 150 mA, -12V /35 mA,
7.5 Watts total. Power from Model SR280 Mainframe or from
a NIM Standard Crate .

Single width NIM Standard per TID-20893.

Dimensions 1.35" x 8.714" x 11.5",

One year parts and labor. This warranty does not cover
damage to the sampling bridge by excessive input.
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of the sampling bridge. The adjusted digital signal
is output via a rear panel connector. A D/A
converter provides a droopless analog output
signal at the front panel SAMPLE OUT BNC.

OPERATION

This section describes the operation of the SR255
Fast Sampier including the controls and
input/output characteristics.

TRIGGER

The module is triggered by a signal at the 50 Q, DC
coupled, trigger input . The trigger threshold may
be setto -0.5V, +0.1 V, or +1 V by the TRIGGER
LEVEL switch on the front panel . For reliable
triggering, the trigger must remain over threshold
for at least 5 nsec, and not exceed 5 volts. The
maximum trigger rate is 50 kHz (reduced when
operating on the 1 pusec delay scale.) A green LED
on the front panel flashes with each trigger.

DELAY

The delay from trigger to sample is controlled by an
analog voltage which is applied at the rear of the
unit. Apply 0 to 10 VDC to move the sample gate
from 0 to x10 the selected time base scale. The
time base is selected by a bank of four switches on
the PCB. You may select 1, 10, 100, or 1000
nS/V. These switches may be accessed through
the right side panel. In addition to the controlled
delay, there is a fixed insertion delay of about 20
nS.

WIDTH

The width of the sample gate is set by three items
on two circuit boards:

1) The shorting screw on the RF circuit board's
transmission line.

2) A switch bank on the RF circuit board.

3) A switch bank on the main board adjacent to
the switch bank on the RF circuit board.

The unit is shipped configured for a 100 psec gate
width. To change the gate width:

1) Move the transmission shorting screw from its
position closest to the input to the hole

corresponding to the desired gate width.

2) Move the RF board switch for 100 psec to OFF
and move the RF board switch corresponding
to the desired gate width to ON.

3) Move the main board switch for 100 psec to
OFF and move the main board switch corres-
ponding to the desired gate width to ON.

Both switches and the screw must be in their
correct positions for proper operation of the
module. When power is applied, the LED
corresponding to the desired gate width will light

up.
SIGNAL IN

The signal to be sampled is applied to the signal
input. The system is designed to be used with
RG58A cable. To achieve an optimally flat
response, use two meters of RG58A cable with a
BNC connector, and a BNC to N-Type converter
(part #UG 201A/U, provided with each SR255.)
The frequency response of the SR255's front end
has been peaked above 2 GHz to compensate for
the losses in 2 meters of RG58A cable, and so you
will get the best results when using this length of
cable on the signal input line. This input is passed
to SIGNAL OUT via an internal 300 psec delay line.
The signal output should be terminated in 50Q
with a high quality terminator to minimize
reflections and pulse distortion. If one is not
available, an N-type to BNC converter plus a few
meters of RG58-A cable terminated with a barrel
and a 50 Q BNC terminator will work fairly well. The
signal output aids in synchronizing the sample with
the gate and can be used for special applications
such as time domain reflectometry or
shorted-cable baseline subtraction. The input
signal should not exceed the SENSITIVITY
selection on the front panel. Above this value, the
output saturates and the red OVER LED will come
on. The input is protected to +5 VDC. Do NOT
exceed these voltage limits as repair of the front
end is expensive.

GATE VIEW AND FAST TIMING

To time the Sample Gate with respect to the Signal
use equal length cables to bring the GATE VIEW
and SIGNAL OUT to the 50Q inputs of a 300 MHz
oscilloscope. The GATE VIEW must always see a
50Q termination, so when you complete this
operation, do not leave the GATE VIEW
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unterminated. The oscilloscope's finite bandwidth
will make accurate timing more difficult than is
necessary: the leading edge of the GATE VIEW
output indicates when the sample gate is being
opened. The GATE VIEW output is a pulse of
approximately 3 Volt amplitude, 50pS rise time,
with an exponential decay of about 4 nsec.

GATE VIEW RS SEEN ON
AR 300 MHz OSCILLOSCOPE

Jo—

* ACTUAL SAMPLING GATE

“ o k=1

t_ 00 TEMING WITH RESPECT TO THE
LEADING EDGE OF THE GATE VIEW PULSE

Figure 14 - Gate View

SENSITIVITY

The SENSITIVITY switch selects the gain of the
module, volts in / volts out. It can be setto 1 V/V,
0.25 V/V, or 0.1 V/V. For example, a 100 mV input
will cause a 1 V output when 0.1 V/V sensitivity is
selected. The red OVER LED will come on when
the output exceeds approximately 1 volt.

SAMPLE OUT

The analog sample output is derived from the 8 bit
digital word representing the amplified sampled
signal. lts full range scale is +1 VDC and can drive
loads greater than 1 KQ. The output impedance is
less than 1Q and has a short circuit current limit of
20 mA. The output is available 20 usec after the
signal is sampled. Each unit is custom linearized
with a PROM to insure excellent linearity and full
dynamic range.

BANDWIDTH

The Fast Sampler can be used as a sampling
oscilloscope by slowly scanning the gate delay in
order to recover a repetitive waveform. The
apparent rise time of a infinitely fast step is
approximately equal to the selected gate width.
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The -3 dB bandwidth of the unit is approximately
equal to 0.35 divided by the selected gate width.
The table below gives the available gate widths
and their corresponding bandwidths.

Gate Width  Bandwidth
1000 pS 359 MHz
500 pS 700 MHz
200 pS 1.7 GHz
100 pS 3.5 GHz

Figure 15 shows an apparent risetime of 150 pS.
This curve was taken with a 100pS risetime input
step, so the indicated gate width is 110pS. (The
apparent risetime is the convolution of the fast
sampler gate width with the input signal's rise time.)

100 pS RISE TIME INPUT
SCANNED WITH A 100 PS
GATE.

T
SAMPLE

j¢————— 1 NANOSECOND ——;{
Figure 15 - 100 pS Risetime Input

NOISE

The penalty paid for using narrow gate widths is
increased noise. Narrow gates have more noise
because of their reduced sampling efficiency and
wider bandwidth. Typical noise characteristics are
given in the table below:

Gate Width Peak to Peak Noise RMSNoise
1000 pS 1.0mvV 200 pv
500 pS 1.8 mVv 350 uv
200 pS 3.0mVv 600 puv
100 pS 4.0 mV 800 pv

= 110 pS
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Figure 16 shows base line noise over a 30 minute
period for the four different gate widths. The unit
was triggered at 1 Hz. The top curve, taken with a
1 nS gate, shows a noise which is approximately
equal to the unit's resolution. The noise increases
as the gate width is narrowed.

1000 pS

VAN N iyt

"Ul
3
<

500 pS

k——' 30 MINUTES

Figure 16 - Noise Characteristics

REPETITION RATE LIMITATIONS

The unit requires about 19 uS to trigger, sample,
convert, linearize, and rearm. Some additional time
after rearming is required to allow the delay circuit
to recharge. This additional time depends on the
selected time base delay range. The table below
lists the maximum repetition rate before a 1% time
base error occurs. Note that for applications which
do not require an accurately calibrated time delay
that the unit may be triggered at higher rates than
are indicated in the table.

Delay Base Range ~ Maximum Repetition Rate
1 nS/V 50 KHz
10 nS/V 30 KHz
100 nS/V 8 KHz
1000 nS/V 1 KHz
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TEMPERATURE EFFECTS

Both the input offset voltage drift and the gain drift
will cause less than a one bit (1/4%) error over
ambient temperatures of 20 to 60 degrees
centigrade.

LINEARITY AND RESOLUTION

The unit uses an A/D converter with 9 bits of
resolution (8 bits plus sign bit). About 400 of the
A/D's 512 output codes are used to cover the full
scale input range. This implies a resolution of 1/4
of one percent. The linearity is heid to within 1/2 of
one percent by the unit's PROM lookup table. The
linearization requires that some of the output
codes from the PROM be used twice (to compress
a signal) or be skipped (to expand a signal).
Generally, fewer than 5% of the output codes are
skipped or duplicated. Since the input noise
usually exceeds the resolution, these missing
codes do not degrade the instrument's
performance.

Figure 17 shows the high linearity of the
instrument's transfer function. The input was
scanned over 120% of the full scale input range.

0.1 V/V Sensitivity
100 pS Gate Width

101...]

..... Nessencertacanonan

0.5

.......................

Output Voltage (V)
o

......................

-50 0 50 100
Input Voltage (mV)

Figure 17 - Linearity
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COMPUTER INTERFACE

The recommended way to interface the Fast
Sampler to computers is by connecting the
SR255's to an analog I/O port of the SR245
Computer Interface Module. The Fast Sampler is
also designed to connect directly to the SR245
through a 15 pin connector on the rear panel of
the SR255 and a 20 pin connector on the circuit
board of the SR245 (Figure 19). Each Fast
Sampler in your system is assigned an address by
setting four address switches which may be
accessed through the right side panel. Even
addresses from 0 to 30 may be selected.

The Status byte and Data byte may be read by the
SC<Fn>:x and SS<Fn>:x commands where n is
the set address divided by two and x is the number
of points to be retrieved. An example SR245
command is SC1,3,F2:100. This command scans
ports 1 and 3 and a Fast Sampler with address 4
(see the SR245 manual for definitions of the SC,
and SS commands.) A single Fast Sampler Status
byte can be retrieved by addressing the module
with SD=<y> where y is the set address. Then a
7D will retumn the status byte. Similarly, a Data byte
can be retrieved with y equal to the set address
plus 1. Now a ?D will return the data byte.

There is a 15 pin connector on the rear of the
SR255 which provides a digital interface to the
SR245. This connector has 6 digital inputs, 8
digital outputs, and a common ground line (Figure
18.) The incoming lines serve as module address
lines and the out-going lines are tri-state outputs
and so several modules may be daisy-chained
together over the same digital bus.

The interface is a paralle! binary interface which
may be connected to either an SR245 computer
interface module or to an 8 bit digital I/O port of a
computer.

To interrogate the SR255 through the digital
interface you must supply the 5 bits of address (A0
to A4) and assert the RD strobe. The least
significant address bit selects the Status Byte
when low, or selects the Date Byte when high.
The Status or Data bytes are placed on the 8
output lines (BO to B7) when the module is
addressed and the RD strobe is asserted low.

The Status Byte is placed on the digital /O bus by
U408 when (1) the module is addressed (A1 to A4
match the switch settings) and (2) both A0 and the
RD strobe are low.

Designation | Description Pin o]
B7 Bit 7 of Digital Output (MSB) 13 0
B6 Bit 6 of Digital Output 5 O
BS Bit 5 of Digital Output 12 0]
B4 Bit 4 of Digital Output 4 0]
B3 Bit 3 of Digital Output 11 @]
B2 Bit 2 of Digital Output 3 O
B1 Bit 1 of Digital Output 10 (0]
BO Bit 0 of Digital Output (LSB) 2 o)
A4 Bit 4 of Module Address (MSB) 8 |
A3 Bit 3 of Module Address 15 |
A2 Bit 2 of Module Address 7 |
A1 Bit 1 of Module Address 14 |
A0 Bit 0 of Module Address (LSB) 6 |
RD Read Strobe, Active Low 9 |
GND Common Ground 1 n/a

Figure 18 - Digital IO Connector Pin Assignment Table
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The MSB of the Status byte, the Data Ready Flag,
is set on the trailing edge of the module's END
strobe. The Data Ready Flag is reset when the
data byte is read. If a second END strobe is
detected before or during the reading of the data
byte, then the Data Missed Flag, S6, will be set.
The Data Missed Flag is reset after the status byte
is read.

STATUS BYTE DEFINITION
Bit  Definition (positive logic)

S7 Data Ready Flag (cleared by a Data read)
S6  Data Missed Flag(cleared by a Status read)
S5  Overrange Error

The six least significant bits of the Status Byte are
latched on the rising edge of the Data Ready Flag.
These bits represent the state of the module at the
completion of the conversion cycle which first set
the Data Ready Flag. Because this data is latched,
another trigger will only set the Missed Data Flag,
and will have no affect on the other status bits or
the data byte. The status and data bytes must be
read before a trigger if data and status from that
trigger event will be needed.

The data Byte is placed on the digital /0 bus by
U409 when (1) the module is addressed (A1 to A4
match the switch settings), (2) AQ, the LSB of the
address is high, and (3) the RD strobe is asserted
to its active low state.

S4  Sign bit (1=positive input signal)
DATE BYTE DEFINITION
S3  Width 83 82
S2 1000 pS 1 1 Bit Description
500 pS 1 0 D7 MSB of the unsigned Data
200 pS 0 1 D6
100 pS 0 0 D5 (The sign of the data is bit
D4  S4 of the Status Byte.)
S1  Sensitivity S1 S0 D3
S0 10VV 0 1 D2
0.25 V\V 1 1 D1
0.10 VIV 1 0 D0  LSB of the unsigned Data
1 2 9 1
)
o
o
 J
° o
Dual in-Line D-Subminiature [ Y
20 Pin Female 15 Conductor 15PinMale [l @
Connector Ribbon Cable Connector [ ®
for SR245 for SR255 @
®
®
®
¢ ®
T I
19 20 l . SIDE VIEW

Figure 19 - Connector Assembly For SR245/SR255 Digital Interface
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SAMPLING SCOPE EXAMPLE

The SR255 Fast Sampler can be used in
conjunction with the SR200 Gate Scanner and an
X-Y oscilloscope to provide sampling scope
operation. Resolution of 100 psec can be
achieved with sample rates up to 50,000 samples
per second.

An interconnect diagram is shown in Figure 20.
The SR200 Gate Scanner is used to scan the gate
delay over 0 to x10 of the selected delay scale.
This scale is set on the SR255 circuit board at 1
nsec, 10 nsec, 100 nsec, or 1 pusec to provide
time-bases with delays of up to 10 pusec. The
maximum delay can be extended by the user by
increasing capacitor C115 of the 1 usec delay
scale. The X-AXIS OUT of the SR200 is used to
drive the horizontal X-axis of the oscilloscope. The

PEN LIFT OUT may be connected to the
oscilloscope to blank the CRT during retrace.

Finally, the SAMPLE OUT of the SR255 Fast
Sampler connecis to the vertical Y-axis of the
oscilloscope to display the sampled signal. The
resolution can be changed by changing the Gate
Width of the SR255 (100 psec, 200 psec, 500
psec, 1 nsec.)

An alternative approach is to substitute the SR2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>